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Development of a Low Frequency Vibration Shaker Using Force Frequency Shifting
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ABSTRACT

If & sinusoidal excitation force moves back and forth along a structure with a certain frequency, the structure will be
exciied with the difference frequency of these two frequencies. A low frequency vibration shaker has been developed using
this force frequency shifting without actually moving a shaker. The shaker consists of an ordinary eccentric mass shaker, a
plate, constant springs, and time varying dampers. The dampers are tumed on and off in a sequential manner to simulate a
traveling shde of an excitation force. The operation of the shaker is simulated by solving the equations of motion of the
shaker. Characteristics of the shaker have been found and they will be utilized o design efficient low frequency shakers.
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Figure 1 Force frequency shifting with a reciprocating
shaker.
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Figure 3 Variation of the damping constants for a f{our
damper system @ {(a)square wave variation ;
(b) smooth variation.
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Figure 2 A shaker composed of a plate and springs and

dampers.

- 183 -



JIe g AX Y 2002 DR MEH HSMERY (B

o Momont spectum vs. frequoncy
v frem e :

0t

10
3
z
-
gw"
2
k-
o

10"
£
E}
e 2|

10w

10}

10 L- S Tz i otmased + N

10 10! 10° 10 1 10 a0t
Flequenqén Hz . .

Figure 4 Frequency spectrum of the transmitted
moment for a system with 7 springs and 7
dampers.

AN g oRRE Tk Wud RUEE Azeld)
A7) &, s A epEae] ghE s vty
Arketalck, o] uf zhzkel 7Rl LR oM FUF 22
Qe A2E ARk oo ojd golliE FRIAx
glo] ggte] wha®, F b H$d duE RuE
2 PP wy—wn )M Yol EAEE B L
azp7b v& aFde il viste] i Zgkeh Dt 45
e} 22gd e AHEE Aagd dgyl RyEg
Fapp LdEglorh o AlzglelA axgest HAT
E N9 ol FEI Agsila, AHgE Aag g
A = kg , J= l0kgm®’. k= 1e6N/m
c= 1&TNs/fm ., »n= 0.5m . fi=w/27= 25Hz
f=ws2r=24Hz . Fg= 1000N ©°[i}
of 2} Fg<l 111701!*1—«1 A¥-& 252208Nmel &, § &
FA 49HzeAX S BE-E IT32ATBNmeI ey ol shd
ri4+”%%ﬂ%%

el AR SelEg] i fug el g zelr]
B EAEE dsy) distel ot 28 el vl&sh
7HRA gl MR Tk whef A= psh Azl )
alol AR & 2, FAEe] v P viste]
7 o] FANLGE AR AL v IAFEANY A
FE Aoluk. galHo] 2] s sl AeI} Helo} d)
i, e A AEo| Holof sy olf flEMiz 2EYY
$7F Al golol @rl o|HF 231E WHAY ¥t
ERHeR gl ¥ 4a¥e #g me} o]Fd Aol
IR iy fol viekyd Zlojth mapA] o] A4

ik o5
ol wgat] glstel A pet 2EY R e ol

o B

W' Mbmnl,spedrumuﬂequenq
T T T
W0 o
10'E
£
=16
E
g
$0%
§10‘~
g,
10°}
10°%}:
10"‘ )
167 . 10 10
Froguenzy in Hz
Figure & Frequency spectrum of the transmitted

moment when the springs have constant
stiffness and the damping constants are small.
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Table 1 Effect of the mass moment of inertia on the
transmitted moment

Jkem? | MdNm)
5 53775
10 10.1464
20 16.5807
30 20.8703
50 25.6342
70 20.1164

Table 2 Effect of the frequency ratio J/z/f on the

* transmitted moment
2 f/h M(Nm)
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) Structural Excitation,” Journal of Sound and Vibration,
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Figure 7 Frequency spectrum of the transmitted
moment. for the system producing a large
transmitted moment.
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(1) Koss, L. L, 2001, “Excitation of Vibration in
Large Structures,” The Shock and Vibration Digest,
vol. 33, pp. 473-478.
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